There are indications that thiol groups of cysteine residues may be involved in the catalytic activity of the yeast enzyme [ 201 and in the co-ordination o f the zinc ion [21] . However. class I1 aldolases have proved relatively hard to purify in quantity, only fragments of their primary structures have been determined, and no crystals have been obtained.
It was reported some years ago 1221 that a gene, pgk, encoding the enzyme phosphoglycerate kinase (EC 2.7.2.3) o f E. coli, was carried on plasmid pLC33-5 of the collection of Clarke & Carbon [23] . It was also noted that E. coli cells
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. The promoters and ribosome-binding sites are predictions based on computer analysis of the sequence [24] . 
I)eterinitiutiori uiid uriulysis oj'the DNA seqiierice
The parent ColEI plasmid is 6646 bp long 1261. Restriction analysis of plasmid pLC33-5 indicated that the E. coli DNA insert was about 8000 bp. The sequence of the latter was obtained by determining the sequences of DNA fragments randomly sheared and cloned from the entire plasmid pLC33-5, discarding those sequences derived from the ColEl DNA during the assembly of the consensus sequence. The complete sequence of 8029 bp for the DNA insert was quite rapidly derived in this way [24] . Eight complete, and part of a ninth. open reading frames likely t o encode proteins were identified in the DNA sequence. A schematic map of the insert, with the open reading frames marked. is shown in Fig. 1 .
The fdu gene was readily identified as that encoding the class I1 fructose-1 ,6-bisphosphate aldolase [24, 251 . The amino acid sequences deduced for the products of the putative genes pgk and gupH were found to exhibit strong similarity with those of the phosphoglycerate kinases and glyceraldehyde-3-phosphate dehydrogenases, respectively, of other organisms 1241. These are considered in more detail below. The other open reading frames remain unidentified thus far. Additional features of the DNA sequence o f the insert are also indicated in Fig. 1 . Among them are possible transcription terminators (a potential loop structure followed by several thymidine residues), promoters, ribosome-binding sites, REP sites and a catabolite activator protein-binding site [24] .
The prodirct of thefilu gerw
From the DNA sequence of the fdu gene, the amino acid sequence of the class I1 fructose-1,6-bisphosphate aldolase could be predicted 1251. The polypeptide chain contains 3 S Y amino acid residues (including the initiating methionine) and has an M , of 39 146, in accord with the value of 40000 estimated from SDS/polyacrylamide-gel electrophoresis [ 191. The inferred primary structure is in perfect agreement with partial amino acid sequences obtained directly from the protein [25, 271. The codon usage is characteristic of a strongly expressed gene 1281. This is the first primary structure of a class I1 aldolase to be established. One major conclusion is immediately apparent: there is no obvious sequence similarity with any of the class 1 fructose-1,6-bisphosphate aldolases which have been widely studied 15-121. Thus, as originally suspected 141, the two classes of aldolase are most unlikely to have arisen by divergent evolution from a common ancestor. Likewise, BIOCHEMICAL SOCIETY TRANSACTIONS there is no obvious similarity with the sequences of the 2-keto-3-deoxy-6-phosphogluconate aldolase (EC 4.1.2.14) of Pseudomonas putida [29] or the 2-deoxyribose 5-phosphate aldolase (EC 4.1.2.4) of E. coli [30] , both of which function by the class I imine-forming mechanism and both of which are smaller (polypeptide chain M , approx. 30000). It would appear that these enzymes are all unrelated.
On the other hand, considerable similarity is revealed when the N-terminal sequence of yeast aldolase ([31] ; J. I. Harris, personal communication) is compared with that of E. coli class 11 aldolase (Fig. 2) . Almost half the residues in the first 40 or so amino acids are identical, with only two gaps (in the yeast enzyme sequence) being needed to maximize the similarity. It is reasonable to infer that these two class 11 aldolases, one from a eukaryote and the other from a prokaryote, have evolved from a common ancestor. The only other sequence available for a class I1 aldolase is that of the Nterminal 25 amino acids of the enzyme from Rucillirs steurothermophilus ([ 3 11; J. I. Harris, personal communication) . This sequence is also displayed in Fig. 2 , from which it is evident that some similarity to the E. coli and yeast enzymes can be adduced. However, the similarity between the two prokaryote aldolases is much less clear cut than that between the E. coli and yeast enzymes and a final verdict on their relationship must be deferred until a more extended sequence becomes available.
Over-expression of the fdu gene
To facilitate future work on the E. coli class I1 aldolase, a 1129 bp fragment of DNA incorporating the fdu gene was excised by digestion of plasmid pLC33-5 with the restriction enzyme Hue111 and cloned into the expression plasmid pKK223-3. This brought its expression under the control of 
steurothermophilus
The numbering refers to the sequence of the yeast enzyme. 
The pgk and gap R genes
The predicted amino acid sequence of the protein encoded by the open reading frame designated pgk (Fig. I ) is highly similar (approx. 40% identical) with the sequences of phosphoglycerate kinases from other organisms [ 241. There can be no doubt that the pgk gene of E. coli is encoding phosphoglycerate kinase, as originally envisaged [ 221. In confirmation of this, the pgk gene has been sub-cloned from plasmid pLC33-5 and expressed in E. coli [24, 321. It appears that in E. coli phosphoglycerate kinase is one of those enzymes induced by anaerobiosis and by approaching stationary phase [32] .
On the basis of amino acid sequence similarity. the product of the putative gupB gene (Fig. 1 ) appears to be a glyceraldehyde-3-phosphate dehydrogenase (Fig. 3) . In particular, the characteristic sequence around the active-site cysteine residue (number 155) is completely conserved (Fig. 3) . However, it is curious that the product of the gupR gene is different from that of the gupA gene, previously identified as encoding E. coli glyceraldehyde-3-phosphate dehydrogenase [35] . The sequences are similar (approx. 4 1% identical), but distinct. The putative gupB product is significantly less like the pig (approx. 37% identical) and R. steurothermophilirs (approx. 43% identical) enzymes than is the gupA gene product (approx. 59% and 67% identical, respectively).
This raises some puzzling questions about the gap genes. The gupA gene was mapped at about 39 min (36, 371 or at about 55 min [38] in the E. coli genome. The plasmid pLC33-5 comes from the 62 min region of the chromosome, which would incorporate the 5 5 min region of the earlier map [37] . Thus, it is conceivable that the two mappings could have been of two different gup genes. Recent work has revealed that in Thermirs thermophilirs (391, in Zymornotias mohilis [40] and in R. stearothermophihrs 1411, the pgk gene appears to be immediately preceded by a gap gene, as found for the gupB-pgk genes of E. coli (Fig. 1) .
We have not been able t o express the gupR gene and do not know whether it is expressed in vivo. Silent or cryptic genes are rare in prokaryotic genomes 1421. If both the gupA and gupB genes are expressed, it would be an unusual instance of E. coli possessing two distinct forms of an enzyme. Just upstream of the gupR gene (Fig. 1 ) is a possible catabolite activator protein-binding site, which might imply that this putative enzyme is required when the bacterial cell is g a p product TIKVGINGFGRIGRIVFRAAO KRSDIEIVAIND LWADYMYMLKYDSTHGRFDGTVEVKDGHLIWGKKIRVTAERDPML~EVGVDWAEA The predicted gupB gene product, shown aligned with glyceraldehyde-3-phosphate dehydrogenase sequences from R. steurothermophilirs [33] , pig [ 341 and a translation of the E. coli gupA gene sequence 1351. The numbering is for the putative gupR protein [24] .
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carrying out gluconeogenesis rather than glycolysis. It has previously been suggested that E. coli may make preferential use of one of its class I and clash I I fructose-I ,6-bisphosphate aldolases depending on whether it is engaged in glycolysis or gluconeogenesis [ 14. 151. 
In trodirction
Phosphoglycerate kinase (PGK) is the monomeric enzyme that catalyses the reaction in which a phosphoryl group is transferred from the acyl phosphate o f lJ-diphosphoglycerate to A D P thereby forming ATP and 3-phosphoglycerate. T h e primary amino acid sequences of 22 PGK enzymes, isolated from species ranging from human to bacteria and plant sources, have been determined [ 1 -17 I.
Comparison of these primary sequences, using the known crystallographic structures of the Hacilliis stecrrothermophilirs [18] , yeast [lY, 201 and horse muscle enzymes [21, 221, has Abbreviation used: PGK, phosphoglycerate kinase. served to emphasize the structural conservation of this important glycolytic enzyme. These comparisons have also revealed interesting differences, as well as similarities, between the eukaryotic and prokaryotic species. Throughout this article residue numbers refer to the ycast sequence data.
The PGK Strirctrtre
The structure of' PGK determined crystallographically is best described as an open bilobal molcculc. T h e active site of the enzyme lies deep in the cleft formed between the two lobes ( Fig. 1) . T h e structure of the prokaryote and eukaryote enzymes is essentially the same, even though the 1Jac~illir.s stearothermophillis PGK structure was derived from crystals grown using polyethylene glycol rather than ammonium sulphate. T h e position of the nucleotide and sugar substrates, when considered in conjunction with the amino acid conservation data (see later sections), suggests that the two almost
